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Toward a Better Understanding of...

A Deep Network for Predicting the
Epoxidation of Drug-Like Molecules
Generalizes to an External Test Set
Ayush Kumar
Mentor: S. Joshua Swamidass
Drug toxicity studies cost billions of dollars annually. A major driver of this expense
is unexpected adverse drug reactions, which are frequently caused by reactive drug
metabolites. Epoxides, a class of potent electrophilic cyclic ethers, are one of the
most common types of reactive metabolites, and our study focuses on developing a
computational model capable of identifying the site of epoxidation (SOE) and epoxidized
molecules in order to provide a rapid screening tool for a key drug toxicity risk.
Our model utilized a deep convolutional network and 702 epoxidation reactions to
predict SOE within epoxidized molecules, and predict the likelihood that a molecule
will be epoxidized. In order to determine the generalizability of the final model, a
cross-validation protocol and external test set were used. The cross-validation protocol
contained 389 epoxidized molecules and the external test set contained 13 epoxidized
molecules with their labeled SOEs. The average site AUC and top-two metrics were
used to evaluate the accuracy of the two models. The final epoxidation model that was
developed was able to determine SOEs within the molecules in the cross-validation
dataset with an average site area under the curve (AUC) of 95.9%. Similar accuracies
were demonstrated by the model for the external test set with a 93.7% average site AUC.
Furthermore, the model separated epoxidized and non-epoxidized molecules with
79.4% AUC for the cross-validation and 82.4% AUC for the external test sets. Currently,
there is no other epoxidation model reported in the literature, and we have shown that
our model not only identifies molecules capable of epoxidation, but also the specific sites
of epoxidation, which can direct rational structural modifications to make drugs safer.
This novel model can be used for early-drug screening and provide researchers with
another tool to limit drug toxicity.
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